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(54) CnOCOB OBHAPYWEHH* YTEMEK >KMflKMX VniEBOAOPOAOB 143 MAmCTPAJlbHblX 
TPyBOnPOBOflOB 



(57) PecpepaT: 

H3o6peTeHne othochtca k 
Tpy6onpoBOflHOMy TpaHcnopTy whakhx 
ymeBOAOpOAOB. CnocoG npeaycMaTpHBaeT 
<n>eMKy TennoBoro nona Tpaccw TpyoonpoBOAa. 
onTunecKoe 30HAupoBaHMe npH3ewiHoro cnoa 
aTMOccpepbi Ha AnuHe BonHbi nornomenwfl 
raaoBOM cppaicunea ymeBOAOpOAOB, 
onpeAeneHwe wiecTononoaceHvifl jioKanbHbix 

yMBCTKOB MeCTHOCTH C aHOMaHbHOM 

TeMnepaTypofi v\ MaKCMMaribHbiM nornomeHweM 
npM3eMHoro cnoa aTMOccpepw. AononHmenbHO 
perncTpMpyiOT HHTencMBHOCTb aKycTHHeacoro 
tuywa B noAnoBepxHOCTHOM cnoe noHBbi Tpaccw 
Tpy6onpoBOAa n onpep,er\n}OT BenuMMHy m 
HanpaBfieHne rpaA^eHTOB TeMnepaiypbi. 



norjioinemiq aTMoa^epbt m a KycT mmsckoto luywia 

B OKpeCT HOCTflX BblflBJieHHbJX JlOKaJlbHUX 

ynacTKOB, a mbcto tsmh onpeAenaioT no 
MGCTonono>KGHHK) jioicanbHoro yMacTica, rAe 
TeMnepaTypHan aHOManun, nomomeHne 
npM3eiwtHoro cnoa aTMOc<£epbi m MHTencMBHocTb 
aKycTvmecKoro my Ma npeBbiwaioT 3aAaHHwe 
noporoBbie 3HaMeHna no KattAowiy M3MepneMOMy 
napaMGTpy, npn ycnoBMM, mto rpaA*eHTbi 
M3wiepReMbix napaMeipoB He npeBocxoAflT 
3aAaHHbie noporoBbie 3HaMeHHfl rpaAMemroB no 
BceM HanpasneHUHM b OKpecTHOc™ AaHHoro 
noKanbHoro ynacTtca. Cnoco6 no3Bon«eT 
noBbicnTb TOMHOCTb noKann3am4H 

MecTonono)KeHMq yreMKM. 
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(54) METHOD OF DETECTING LEAKS OF LIQUID HYDROCARBONS FROM MINE PIPELINES 



(57) Abstract: 

FIELD: oil-piping engineering. SUBSTANCE: 
method comprises photographing heat field of 
pipeline route, optically . probing near- 
surface atmosphere layer at hydrocarbon 
fraction -absorption wavelength. and 

determining position of area sites with 
abnormal temperature and maximum absorption 
of near-surface atmosphere layer. 
Additionally, acoustic intensity in 
near-surface soil layer within the pipeline 
route, is recorded. Then, one determines 



magnitudes and directions of temperature, 
atmosphere absorption, and noise gradients 
near detected sites and leakage point is 
determined from position of site where 
temperature abnormality, absorption of 
near-surface atmosphere layer, and noise 
intensity exceed specified limiting values 
for each test parameter, provided that 
gradients of these parameters do not exceed 
' specified limiting values in all directions 
round given site. EFFECT: facilitated 
localization of leakage point. 
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Hao6peTeHne othocmtch k o6nacTn 
Tpy6onpoBO,QHoro TpaHcnopTa m MoaceT 6tJTb 
ncnojib30BaHo npn AnarHOCTUKe AePicTByiomMx 
ipyoonpoBOAOB, npeAHa3HaneHHbix Ana 
TpaHcnopTMpOBaHun jkmakmx ymeeoAOpoAOB. 

3KcnnyaTat^Mfl coapeMeHHbJx 
Tpy6onpoBOAOB npeAno/iaraeT mx 

nepnoAn^ecKoe oocneAOBaHMe c Ljenbio 

BblHBJieHUR HapyUJeHMH I46JIOCTHOCTM Tpy6, 

npoMcxoARiMMX, Hanpuwiep, M3-3a Koppoanw nnn 
AecpopMaukiM. Bbi3bmaeMOM nepeMemeHMRMM 
rpyma npn 3aMep3aHnn m oiranBaHMM, a TaioKe 

143-3a HeCaHKl4HOHHpOBaHHOM AeWTenbHOCTM 

qenoBeica b nonoce oTMy>KAeHMfl Tpy6onpOBOAa. 

CymecTByiOT cnoco6bj o6Hapy>KeHMR yTenetc 
Ha panne* craAMM HapyaieHUfl i^enocTHOCTM 
Tpy6onpoBOAOB, ocHOBaHHwe Ha aHariM3e 
TennoBoro no/ia, M3MepeHHM hhtshchbhoctm 
cpnyopeci^eHi^MM mjim nornouneHMM rasoBofi 
cppaiajMeM ymesoAopoAOB onTMnecicoro 
MsnyneHMR (cm. naTeHTbi N 1800219. N 
2036372. 3a«BKy N 94036134/06/035948 ot 
27.09.94) c nocneAyiomeM noKa/in3amieM MecTa 
yreHxn aha ompaBKM peMOHTHbix 6pnraA 
OAHara npn 3KcrmyaTaqvin Tpy6onpoBOAOB 
Macro BCTpeMawTCfl cjiynan KorAa. HanpMiwep, 
necpTb y>Ke BbinMJiacb 143 Tpy6onpoBOAa m Ha 

nOBepXHOCTM 3eMJ1M BAOnb M H3A 

Tpy6onpoBOAOM o6pa30Banocb "o3epi;o" HecpTM, 
3aKpbiB MecTO t©mm M3 Tpy oonpoBOAa . 

Jl0KaJlM30BaTb MeCTO TeHM HeCpTM M3 

Tpy6onpoBOAa. ecnM oho HaxoAHTCR nofl 
"3epKajiOM" HecpTM. HBrmeTCR . nepBeMwefi 
3aAaHeft . t . k . ot 3Toro 3aBnc«T o6"beMbi 
3eMrmHbix pa6oT m cdokm ycTpaHeHMR aBapnn. 
TaioKe Ha npaicTuxe 6biBawT cnynan, KorAa 

AMCTaHl^HOHHblMM MeTOAaMM HSB03MOJKHO 

o6Hapy>KMTb y Ten icy M3-3a ee ManocTM mjim 

HeAOCTaTOMHOft HyBCTBMTe/lbHOCTM MeTOAa, a 

OHa npowBunacb Ha 3HaHMTenbHOM paccroaHMM 
ot MecTa yTeHKM b bma& "o3epMa" HecpTM mjim 
nneHKM HecpTM Ha noBepxHOCTM BOAoeMa b CMny 
AnnTeribHoro xapaiaepa ee MCTeneHMR M3 
TpyoonpoBOAa. 

H3BedeH cnoco6 oGHapyxeHMR yreMeK M3 

TpyOOnpOBOAOB. OCHOBaHHbltf Ha M3MepeHMM 

nHTeHCMBHocTM aKycTMMecKoro luywia. 
Bbt3tdBaeMoro yTeMKOM (flpoooT K3.B.. 
rpeujHMKOB B. A. , BaneroB B.H. AicycTMHecKoe 
KOHTBKTHoe TeMeMCKaHwe. M.: MaujMHOCTpoeHMe, 
1989). HeAOCTaTKOM 3Toro cnocooa, 
npHMeHHTenbHO k oonapyaceHMK) yTeneic b 
MarncTpanbHbix TpyoonpoBOAax. RB/iaeTCR 
Heo6xoAMMOCTb paaconicM ujypcpOB a^h 
ycTaHOBKM aKycTMMecKoro A^TMUKa (MMKpocpOHa) 
HenocpeAdBeHHO Ha MeTanriMHecicyio 
nosepxHocTb Tpyou, bbmay Toro, hto noMcx 
yreneK c nosepxHocTM aeMnn orpaHMneH Manoft 

AMCTaHUMOHHOCTbK) (AO HeCKOflbKHX WieTDOB) 

BcneACTBue cunbHoro ocna6neHHfl 3ByKa 
rpyHTOM. 

YMMTbJBaa. hto rny6nHa 3aneraHnn Tpy6 Ha 
rpacce MarncTpanbHoro Tpy6onpoBOAa 
cocTaBJifleT oKono 1,5 m. npn ycTanoBKe 
MHKpocpOHa b noAnoBepXHOCTHOM cnoe rpyHTa 
3a oaho M3MepeHne mo>kho npoKOHTponnpoBaTb 
He oonee OAHoro-AByx noroHHbix MeTpoB Tpy6. 
hto Renaer npuMeHeHne AaHHoro cnoco6a atib 
noncxa Manbix yTeneK HepeHTa6enbHbiM. 

B KanecTBe npoTOTuna npeAnaraeMoro 
M3o6peTeHnq Bbi6paH M3BecTHbiii cnoco6 
oDHapy>KeHnn yTeMeK >kmakhx yrneBOAOpOAOB. B 
MaCTHOCTM HeCpTM, U3 MarncTpa/ibHwx 
Tpy6onpoBOAOB (cm. 3anBKy N 94036135/06 ot 
1994. Kfi. F 17 D 5/02). BKrikoiaKD^nw trbeMKy 



TennoBoro non« Tpaccw TpyoonpoBOAa. 
onTMHecKoe soHAnposaHne npU3eMHoro cnon 
aTMOCcpepw Ha AHMHax bo/ih nornoiAeHMJi 
. ochobhumh KOMnoHeHTaMM rasoBOM cppaxuMn 
HecpTM m onpeAerteHMe MecTa yTenxM no 
5 MecTonono>KeHMK) ynacTica c aHOManbHOM 
TeMnepaTypOM. a^« KOTOporo MHTencMBHocTb 
nornoineHMn oriTMMecKoro M3/iyHeHM« 
npeBbiiuaeT 3aAaHHoe noporoBoe 3HaneMMe. 
flaHHbiM cnoco6 yHMTbiBaeT 2 cpaiaopa, 
Q conpoBO>KABK>i4MX yTenicy: TeMnepaTypHyw 
aHOMariMK), bo3hm na iomy fo BcneACTBMe Toro. hto 

npOAyKT. BblXOA^IAMM M3 TpyOOHpOBOAa, K3K 

npaaMJio. oTfiMHaeTCfl no TeMnepaType ot 
OKpyacatoinefi cpeAbi m bhocmt AncoanaHC b 
TennoBoe none Tpaccw. m ycMneHMe 
75 nornoiAeHM« onTMnecKoro M3nyqeHMn. 
B03HMKa toupee BcneACTBMe noBbiiiieHMW 

KOHl^eHTpaUMM ra30BOM CppaKl4MM 

ymeBOAopoAOB HaA mbctom yTenKM. 

HeAOCTaTKOM AaHHoro cnocooa nBnneTcn to. 
mto ooa 3tm cpaxTopa (HanMMMe TeMnepaTypHOM 

20 aHOMannw m noBbiiueHne KOHLieHTpaijMM ra3OB0M 
cppaKi^MM ymeBOAopoAOB) CM/ibHO 

KoppenMpoBaHbi wie)KAy co6om, BBMAy Toro, mto 
K3K senMHMHa TeMnepaTypHoR aHOManviM 
noicanbHoro ynacTKa MecTHOCTM. TaK m 
KOHi^eHTpa 14 m n ra30BOM cppaici4MM 

25 yrneBOAOpOAOB b nepByto onepeAb 3aBMCflT ot 
ROJiMHecTBa npOAyKTa, naxoAfliMerocp noA 
noBepxHOCTHWM cnoeM noMBbi AaHHoro 
noicanbHoro ynacTxa. 

nosTOMy b Tex cnyHaflx, KorAa Tpacca 

3Q TpyoonpoBOAa b paMOHe yTeMKM MMeeT 
ecTecTBeHHbiM ywiOH mum rpym", HacbinaHHbiM Ha 
TpyoonpoBOA. MMeeT HeoAHopoAHOcTM no 
nnoTHocTM m TennonpoBOAHOCTM. ocHOBHa« 
Macca BbiTeKiuero npoAyKTa 6yAeT 
cKanriMBaTbcw Ha ynacTicax Tpy6onpoBOAa. 

35 KOTopwe MoryT HaxoA^TbCfl Ha HeKOTopOM 
paccTOHHMM ot yTeHKM m MecTonono>KeHMe 
MaKCMMyMOB nomoiAeHMfl ra30BOM cppaKi^MM m 
TeMnepaTypHOM aHOManMM He 6yAeT coBnaAaTb 
c MecTonono>KeHMeM y TeHKM , hto npMBeAeT k 
cHMJKeHMK) tomhoctm noKann3auMM yTeseK. 

40 qenbio M3o6peTeHM« «Bn«eTcn noBbimeHMe 
tohhoctm nOKanM3ai4Mki MecTononcotceHMR yrreMeK 
mcmakmx ymeBOAopoAOB b MarMcrpanbHOM 
TpyoonpoBOAe. 

YKa3aHHaB qenb aoct MraeTCR TeM, hto b 
M3BecTHOM cnocooe o6Hapy>KeHMn yTeneK M3 

45 TpyoonpoBOAa, BicnjoHaiomeM c>>eMicy TennoBoro 
nonw Tpaccbi. onTMnecKoe 30HAMpoBaHM© 
npMseMHoro cno^ aTMOccpepbt na Ann He BonHbi 
nornoiAeHMW rasoBOM cppaKi4MeM 
yrneBOAOpOAOB. onpeAeneHkie 

5Q MecTonoiioxceHMfl noKaxibHbix ynacTKOB 
MecTHOCTM c aHOManbHOM TeMnepaTypoPi M 
MaKCMManbHbiM nornomeHMeM aTMoccpepw. 

AOnOnHMTenbHO perMCTpMpytOT MHTeHCMBHOCTb 

aKycTMHecKoro ujyMa b noAnoBepXHOCTHOM cnoe 
noHBbi m onpeAen«MDT BenMHMHy m HanpaBneHMe 
55 rpaAMeHTOB TeMnepaTypbi noHBbi, nornomeHMW 
aTMOccpepbt m MHTeHCMBHOCTM aicycTMHecKoro 

LUyMa B OKpeCTHOCTflX Bbi^BJieHHblX noKanbHbix 

ynacTKOB, a MecTO TeHM onpeAenwiOT no 
MecTononotceHMio noKanbHoro ynacTica. rAe 
TeMnepaTypHaR aHOManMR, nomomeHMe 
60 aTMoccpepw m MHTeHCMBHOCTb aicycTMHecKoro 
ujyMa npeBbitiiaioT 3aAaHHbie noporoBbie 
3HaneHMR no xa>KAOMy M3MepneM0My 
napaMeTpy. npM ycnoBMM, hto rpaAnemw 
M3MepneMbix napaMOTpoB He npeBocxoART 
3aAaHHbie noporoBbie sHaneHMR rpaA^HTOB no 
BceM HanpasneHMRM b OKpecTHOCTM AaHHoro 
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/lOKanbHoro yMacTica. 

B cnoco6e HeooxoAMMOCTb pemcTpaMMM 
aicycTMMecKoro wyMa b noAnoBepxHOCTHOM c/ioe 
noHBbi o6ycnoaneHa TeM. mto MHTeHCMBHOcTb 
tuyMa, Bbi3BaHHoro MCTeneHvieM npOAyiaa M3 
CBMina b Tpy6onpoBOAe MaKCMManbHa HaA 
MecTOM yTenxn n He cBR3aHa nanpRMyio (He 
KoppennpoBaHa) c nanwMiieM KOHuenTpauuM 
ra30Bofi cppaKLtMM npoAyin-a b npnseMHOM c/ioe 
aTMoccpepbi n c TeMnepaTypHbiMM aHOManwRMM 
na noBepXHOCTM noMBbi. riosTOMy Hanumne 
axycTvmecKoro wyMa b noKanbHOM ynacTKe 
MecTHOCTH. xapaicrepH3yiomeMCfl nanwHvieM 
TeMnepaTypHofi aHOMannn m noBbiweHHO* 
KOHLjeHTpatjMeM raaoBOM cppaKijHM. nBJineTCH 
cyi^ecTBeHHbiiwi npM3HaKOM HannHMfl yrreHKM. 

BiwecTe c TeM b cnocooe pen/icTpaMwa 
aKycTMMeCKoro wywia yTeMKn b 
noAnoBepxHOCTHOM cnoe noMBbi MorceT cnyaoiTb 
TonbKo b KaMecTBe AononHMTe/ibHOfi onepai^nn. 
npeAHa3HaMeHHofi AR« yTOMHeHHH cpaicra 
HannHUfl yiemoi b Bbi6paHHOM noicanbHOM 
ynacTKe Tpaccu, bbhay Toro. mto AanbHOCTb 
AeiicTBMfl MeTOAa aKycTMMecKoro TeMeMCKaTena 
nepes cnotf rpyHTa He npeBbiaiaeT HecKonbKMx 

MeTpOB. 

BTOpoe cymecTBeHHoe OTnMHHe cnoco6a 
3aKnK)MaeTCfl b Heo6xoAWMOCTM yneTa 
rpaAneHTOB TeMnepaTypbi, aKycTHHecxoro my Ma 
m nornoLAeHun aTMoccpepbi b OKpecTHOCTn 
BbiflBfieHHoro noKaribHoro ynacTKa Tpaccbi. 3to 
o6"b«CHfleTcn Tewi cpaKTOM, mto hpn MAeanbHOM 
3aneraHnn TpyoonposoAa Ha Tpacce (b cnynae. 
ecnn Tpacca He wweeT yKnoHOB, a rpyHT, 
HacbinaHHbifi Ha TpyoonpoBOA, He nMeeT 
HeoAHopoAHOCTePi no nhoTHocTn, 

TennonpoBOAHOCTM m 3ByKOHenpOHkiLjaeMocTii) 
Bee Tpn n3MepneMbix napaMeTpa 
(TeMnepaTypHan aHOManvifl, nornomeHwe 
npnaeMHoro cnon aTMoccpepbi m MHTencuBHOCTb 
aKycTunecKoro ujyiwia) HaA wecrroM yrresKvi MMenn 
6w waxcviManbHoe 3HaneHMe. 3to 03HaMaeT, mto 
rpaAueHTbi M3MepneMbix napaMeTpoa no sceM 
HanpaaneHMflM b oxpecTHOc™ MecTa y TeM km 
6binu 6bi paBHbi Hy/iK). 

B pearibHWX ycnoBWRx HanMMwe yicnoHOB 
Tpaccu m HeoAHopoAHOCTew b 3acbinHOM rpyHTe 
necKoribKO ncKax<aioT MAeajibHyio KapTHHy, 
noaTOMy rpaAHBHTbi n3MepReMbix napaMeTpoB 

CTaHOBRTCfl OTnWHHfcdMH OT Hyjlfl, HO BMeCTe C 

TeM coxpaHBtOT MMHMManbHwe 3H3MeHnn no 
cpaBHGHMK) c rpaAneHTaMM, xapaicrepMsyioiuMMii 
cocTOAHne noKanbHbix ynacTKOB MecTHocTM, 
pacnonoweHHbix BHe 30Hbi yTeMKM. 

Tot cpaKT, mto rpaAMeHTbi M3Mep«eMbix 
napaMeTpoB b peanbHbix ycnoawRx ctbhobrtcr 
OTTlMMHblMM OT Hy/IR, ooycnoBnHsaeT 
Heo6xoAHMOCTb n poBeAe hm onepaL^wn 

CpaBHeHMSI 3TMX rpaA^eHTOB C 3aAaHHblMH 
nOpOrOBblMH 3HaHeHMHMM. 

npn npa KTMMecKOM peannsauuM 

npeAnaraeMbiPi cnoco6 MoxeT 6biTb 
ocymecTB/ieH, HanpuMep. cneAy»oiAMM o6pa30M. 
C-beMKy TennoBoro nonn Tpaccw Tpy6onpoBOAa 
npOM3BOA«T nyTeM M3MepeHnn TeMnepaTypbi 

nOMBbl nOCOeACTBOM KOHTaKTHOrO 

TepMOAaTMMica. 

OnTMMecKoe 30HAMpoBaHne npuseMHoro 
cnoR aTMoccpepbi ocymecTBnaioT c noMoiAbio 
orrrnMecKoro cneKTpoaHann3aTOpa, 
HacTpoeHHoro Ha AHMHy BoriHw nornoiAeHnw 
rasoBOM 0paKu;ne« yrneBOAOpoAOB (ropenMK 
fl.O.. KoHone/ibKo Jl.A. Mohmtopmht 

3arpB3HeHHR aTMOC0epbl m hctomhmkob 

Bbi6pocoB. - M .: H3AaTeribCTBO cTaHAapTOB. 
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1992). H3MepeHne TeMnepaTypbi noMBbi n 
nomomeHMR aTMoccpepbi npOMSBOART, 
HanpHMep, b npoi^ecce nemero ooxoAa Tpaccbi. 
b TOMxax. pacnonoxceHHbix c 3aAaHHofi 
nepnoAMHHOCTbK) T BAO/ib Tpy6onpoBOAa. 

no pe3ynbTaTaM npoBeAeHHbix M3MepeHnw 
Ha Tpacce OTMeMaioT ynacTKM, b KOTOpbix 
TennoBwe aHOManwn cymecTBeHHO 
npeBocxoART SHaneHMfl ecTecTBeHHbix 
TeMnepaTypHbix HeoAHopoAHOCTeii noMBbi, a 
nornomeHne aTMoccpepu cy mecTBe h ho 
npeBbiiuaeT yposeHb, o6ycnoB/ieHHbiiJi 
nornoineHweM ecTecTBeHHOM aTMoccpepbi Ha 
pa6oneM AT«MHe BonHbi cneKTpoaHann3aTopa. 

B npeAenax m oKpecTHOCTnx Ka>KAoro 
oTMeMeHHoro ynacTKa, b TOMKax , 
pacnono)KeHHbix c MeHbtuePi nepnoAMMHOCTbio, 
HanpHMep 0,1 T BAO/ib Tpaccw TpyoonpoBOAa, 
npon3BOABT naMepeHne TeMnepaTypbi noMBbi. 
nomomeHWH aTMoccpepbi m mhtbhcmbhoctm 
aKycTMMecKoro ujyMa b noAnoBepxHOCTHOM cnoe 
noMBbi, nocne nero npon3BOA«T cpaBHeHne 
M3MepReMbix napaMeTpoB m mx rpaAneHTOB c 

3aAaHHblMM noporOBbIMM SHaneHMRMM. 

HHTeHCMBHOcTb aKycTMMecKoro ujyMa MO>KeT 
6biTb MSMepeHa nocpeACTBOM aKycTMMecKoro 
KOHTaxTHoro TeMencxaTenn (cm. ynoMRHyTyw 
KHury KD. B. flpo6oTa m ap ) 

BenuMMHbi rpaA^eHTOB n3MepHeMbix 
napaMeTpoB onpeAenaioT xaK oTHOiueHMe 
pa3HocTM MexAy SHaneHMRMM 3TMX napaMeTpoB, 

M3MepeHHblMM B 2-X COCeAHMX TOMKaX. K 
paCCTOHHMK) Me)KAy TOMK8MM M3MepeHMR. 

noporoBbie 3HaMeHHR M3MepfleMbix 
napaMeTpoB w wx rpaAneHTOB mop/t 6wTb 
3aAaHbi Ha ocHOBe cTaTMCTunecKoro aHariM3a 
0nyKTyam4Ci napaMeTpoB ecneACTBMe Ha/tuMMR 
ecTecTBeHHux HeoAHOpoAHOCTefi rpyHTa Ha 
Tpacce TpyoonposoAa m 0OHOBoro nornomeHnw 
aTMoccpepbi na paooMefi AnMHe bojihw 
cneKTpoaHann3aTopa . 

HoporoBbte 3H3MeHHH MoryT BapbMpoBaTbCR 

B 3aBMCMMOCTH OT nOTOAHblX 14 Ce~30HHblX 
yCJIOBMM. 

Hcnojib30BaHwe npeAnaraeMoro cnocooa 
o6Hapy>KeHM« yTeneK no cpaBHeHmo c 
npOTOTunoM ooecnenMBaeT noBbiiueHne 
nOMeXOyCTOMMMBOCTH M tohhoctm noKariM3ai4MM 
Mecronono)KeHHR yTeneK 3a CMer ncxnioMeHMR M3 
ccpepw noncxa noicanbHbix yMacTKOB c 
aHOMaribHoCi TeMnepaTypoi* m noBbiiueHHoCi 
KOHi^eHTpaMMeCi ra30BoCi cppaKuwn, 

ccpopMnposaBiiJuxcfl BcneACTBue HaxiMMuR 
reocpn3HMecKnx HeoAHOpoAHOCTen rpyHTa Ha 
Tpacce TpyoonpoBOAa. 

(Dopwiyna M3o6peTeHM«: 

Cnoco6 o6Hapy>KeHnq yTeMeK hchakhx 
yrneBOAOpoAOB H3 MarMCTparibHyK) 

Tpy6onpOBOAOB, BitnioHaiomuM cbeMKy 
TennoBoro non« Tpaccw Tpy6onpoBOAa. 
onTMMecKoe 30HAnpoBaHne npM3eMHoro cjioh 
aTMoccpepbi Ha AnMHe BOJiHbi nornoiAeHUB 
ra30BOfi cppaKUHen yrneBOAOpoAOB, 
onpeAeneHne MecTonono>KeHHR noKanbHbix 

yMaCTKOB MeCTHOCTM C aHOMSUlbHOM 

TeMnepaTypoM m MaKCMMaribHbiM nomoiAeHMeM 
npuseMHoro cnoa aTMoccpepbi, oTHMMaioiAMCicfi 
TeM. hto Aono/iHMTenbHO perncTpupyioT 
nHTeHCMBHocTb aKycTunecKoro ujyMa b 
noAnoBepxHOCTHOM cnoe noMBbi Tpaccu 
Tpy6onpoBOAa n onpeaenfuoT BenuMMHy m 
HanpaBneHne npaAMeHTos TeMnepaTypw. 
nornoiAeHMR aTMoccpepbi m aKycTMMecKoro ujyMa 
b oKpecTHOCTJix BbiflsneHHbix noicanbHbix 
ynacTKOB. a MecTo Tenn onpeAenRioT no 
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MecTono/ioxceHwio noKanbHoro yMacTKa. rae 
TeMnepaTypHan aHOManeta, nomoinemie 
npnaeMHoro cnoa aTMOCc^epbi m MHTeHCMBHOCTb 
aKycTunecKoro niyMa npeBbiiuaeT aaoaHHwe 
noporoBbie 3HaMeHM« no Ka*AOMy MawepaeMoro 



napaMeipy npn ycnoBHW , mto rpa/meHTw 
M3MepaeMwx napaMeTpoB He npeBocxoaaT 
3a/iaHHbJe noporoBbie 3HaMeHua rpamneHTOB no 
Bceiw HanpaBJieHMflMw b oKpecTHOCTM flaHHoro 
noKanbHoro yqactKa. 
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(54) METHOD OF DETECTING LIQUID HYDROCARBONS LEAKS FROM THE 
TRUNKING PIPELINES 

(57) Abstract 

AREA: OIL-PIPING ENGINEERING. 

ESSENCE: the method includes the survey of the thermal field of the pipeline 
route, optical remote sensing of the subsurface atmosphere layer at the 
wavelengths corresponding to the absorption lines of the hydrocarbons gaseous 
fraction, and locating the areas with abnormal temperature and maximum 
absorption in the subsurface atmospheric layer. Additionally, the acoustic noise 
intensity in the subsurface ground layer along the pipeline route is registered, the 
value and direction of the temperature gradients, atmospheric absorption and 
acoustic noise in the neighborhood of the detected local areas are determined, 
while the leak point is detected by locating the local area where the temperature 
anomaly, absorption in the subsurface atmospheric layer, and the acoustic noise 
intensity exceed the preset threshold values for each measured parameter, 
provided that the gradients of the measured parameters do not exceed the preset 
threshold values of the gradients along all the direction in the vicinity of the given 
local area. The method allows to increase the accuracy of locating the leaks. 

The invention belongs to the area of pipeline transportation and may be used in 
the diagnostics of operational pipelines intended for transportation of liquid 
hydrocarbons. 

Operation of modern pipelines assumes their periodic examination with the aim 
of detecting irregularities of pipes integrity that occur, for example, because of 
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•their corrosion or deformations caused by the ground dislocation when it freezes 
and thaws, as well as because of unregulated human activities in the 
dispossession belt of the pipeline. 

The ways exist to detect leaks at the early stage of the pipeline integrity 
irregularities; those ways are based on the analysis of the thermal field, 
measuring the intensity of fluorescence or of absorbing optical radiation by the 
gaseous fraction of hydrocarbons (see Patents # 1800219, 2036372, Application 
# 94036134/06/035948 as of September 27, 1994) with further localization of the 
leakage points with the aim of sending repair teams there. 

However, when pipelines are operated, situations frequently occur where, for 
example, oil would leak from the pipeline and a "puddle" of oil would accumulate 
under the pipeline, which would block the pipeline leakage point. Localizing an oil 
leakage point covered under the oil "mirror" is a primary goal, as the volumes of 
ground works and the timeframe for removing the problem depend on that. 

As well, situations occur in practice where a leak cannot be detected because it 
is small, or the method is not sensitive enough, while the leak exposes itself at a 
significant distance from the leak point in the form of a "puddle" of oil, or an oil 
film on the surface of a water reservoir, due to the long duration of leakage from 
the pipeline. 

The method is known for detecting leaks from the pipelines, which is based on 
measuring the intensity of the acoustic noise caused by the leak (Yu.B.Drobot, 
V.A.Greshnikov, V.N.Bachegov, Acoustic contact leak detection: Moscow, 
Mashinostroeniye, 1989). The drawback of that method, when applied to 
detecting leaks in the trunking pipelines, is the necessity to dig bore pits for 
installing an acoustic sensor (microphone) directly on the metal surface of the 
pipe, because searching for leaks from the ground surface is limited by short 
distances (up to a few meters) because of high attenuation of sound in the 
ground. 

Keeping in mind that the depth where the pipelines are buried along the pipeline 
route is around 1.5 meters, when a microphone is installed in the subsurface 
layer of the ground, it is possible to control only one or two meters of the pipeline 
within one measurement, which makes the use of this method uneconomical for 
detecting small leaks. 

As a prototype of the suggested invention, the known method of detection of 
liquid hydrocarbons, in particular, of oil, leaks from trunking pipelines is chosen 
(see Application # 94036135/06 as of 1994, F 17 D 5/02), that method including 
the survey of the thermal field of the pipeline route; optical remote sensing of the 
subsurface layer of the atmosphere at the wavelengths corresponding to the 
absorption lines of main components of the oil gaseous fraction. In doing so, the 
leak point is detected by locating the area with the abnormal temperature, for 
ich the intensity of optical radiation absorption exceeds the preset threshold 
ue. 

The named method takes into account two factors accompanying the leak: 
temperature anomaly occurring because of 1) the fact that the product leaving 



•the pipeline, as a rule, differs in its temperature from the ambient temperature 
and thus introduces an imbalance into the thermal field of the pipeline route, and 
2) increased absorption of the optical radiation occurring because of the 
concentration of the hydrocarbons gaseous fraction increases above the leak 
point. 

The disadvantage of the named method is that both factors (the occurrence of a 
temperature anomaly and the elevated concentration of the hydrocarbons 
gaseous fraction) are strongly correlated to each other, because both the amount 
of the temperature anomaly and the concentration of the hydrocarbons gaseous 
fraction depend, first of all, on the quantity of the product located right beneath 
the ground surface at the given local area. 

Therefore, in cases where the pipeline route in the neighborhood of the leak has 
a natural incline, or the ground poured onto the pipeline has nonuniformities of 
density and heat conductivity, the main portion of the leaked hydrocarbons will 
accumulate in the areas of the pipeline route located at some distance from the 
leak, so that the location of the maximums of the temperature anomaly and of the 
concentration of the hydrocarbons gaseous fraction will not coincide with the 
location of the leaks, which will cause reduction of the accuracy of localization of 
the leaks detection. 

The purpose of the invention is to increase the accuracy of detecting leaks 
localization in the trunking pipelines. 

The set goal is achieved by the following: 

In the known method of detecting leaks from trunking pipelines including: a 
survey of the thermal field of the pipeline route; optical remote sensing of the 
subsurface layer of the atmosphere at the wavelengths corresponding to the 
absorption lines of main components of the oil gaseous fraction; localizing the 
areas with abnormal temperature and maximum atmospheric absorption; in 
addition to those known features, the intensity of acoustic noise is registered in 
the subsurface layer of the ground; the direction and magnitude of gradients of 
the ground temperature, atmospheric absorption and intensity of the acoustic 
noise are determined in the neighborhood of the detected abnormal areas, where 
the temperature anomaly, atmospheric absorption and the intensity of the 
acoustic noise exceed the preset threshold values for each measured parameter, 
provided that the gradients of the measured parameters do not exceed the preset 
threshold values of the gradients along each direction in the neighborhood of the 
given local area. 

In the proposed method, the necessity to register acoustic noise in the 
subsurface layer is caused by the fact that the intensity of noise caused by the 
product leakage from the pipeline crack is maximal above the leak point and is 
ot directly related (not correlated) to the occurrence of the concentration of the 
product gaseous fraction in the subsurface layer of the atmosphere and to 
temperature anomalies on the ground level. Therefore, the presence of acoustic 
noise in the local area of the route that is characterized by the presence of the 
temperature anomaly and of the increased concentration of the gaseous fraction 
is the essential sign of the leak presence. 



•However, in this method, the detection of acoustic noise in the subsurface level 
of the ground, which is related to the leak, may be considered just as an auxiliary 
operation intended only to circumstantiate the fact of the leak at the local area of 
the route, as the distance where the method of the acoustic leak detection 
through the ground layer is effective does not exceed a few meters. 

The second essential difference of the method is the need to take into account 
temperature gradients, acoustic noise and atmospheric absorption in the 
neighborhood of the detected area of the pipeline route. It is caused by the fact 
that if the pipeline is ideally positioned along the route (i.e. if the route has no 
inclines, and the ground poured onto the pipeline has no nonuniformities of 
density, heat and sound conductivity), all the three measured parameters 
(temperature anomaly, absorption of the subsurface level of the atmosphere, and 
the intensity of acoustic noise) would reach their maximums above the leak point. 
That means that the gradients of the measured parameters along all the 
directions would be zero around the leak point. 

In real conditions the presence of inclines of the route and non-uniformities of the 
poured ground somehow distort that ideal picture, therefore, gradients of the 
measured parameters deviate from zero, but, however, reach their minimums in 
comparison to the gradients characterizing the local areas located outside of the 
leakage zone. 

The fact that the gradients of the measured parameters deviate from zero in real 
conditions causes the need to compare those gradients with the preset threshold 
values. 

In practice the suggested method may be implemented, for example, as follows. 
The thermal field of the pipeline route is measured by measuring the ground 
temperature with the use of a contact thermal sensor. 

The optical remote sensing of the subsurface atmospheric layer is performed 
with the use of an optical spectrum analyzer tuned to the wavelength 
corresponding to the absorption lines of the oil gaseous fraction (D.O.Gorelik, L. 
A. Konopelko. Monitoring of the atmosphere and exhaust sources. - Moscow, 
Izdatelstvo standartov, 1992). The ground temperature and atmospheric 
absorption are measured, for example, while walking along the pipeline, at the 
points located along the pipeline with the given periodicity T. 

Based on the results of the measurements along the pipeline, the areas are 
detected where the thermal anomalies significantly exceed the values of natural 
temperature irregularities of the ground, and the atmospheric absorption 
significantly exceeds the level caused by the natural atmospheric absorption at 
the working wavelength of the spectrum analyzer. 

Within the limits and in the vicinity of each marked area, in the points located with 
less periodicity (say, 0.1T) along the pipeline, the ground temperature, 
atmospheric absorption and acoustic noise intensity in the subsurface ground 
layer are measured, after which the measured parameters and their gradients 
are compared to their threshold values. 



' The acoustic noise intensity may be measured with the use of an acoustic 
contact leak detector (see the named book of Yu. B. Drobot et al). 

The values of gradients of the measured parameters are determined as the ratio 
of the differential of those parameters in the points located nearby, and the 
distance between those points. 

The threshold values for the measured parameters and their gradients may be 
set based on the statistical analysis of the parameters fluctuations caused by the 
natural non-uniformities of the ground along the pipeline route, as well as by the 
background atmospheric absorption at the working wavelength of the spectrum 
analyzer. 

The threshold values may vary depending on the weather and seasonal 
conditions. 

The use of the suggested method of leaks detection, in comparison to its 
prototype, ensures higher interference resistance and accuracy of the leaks 
localization, thanks to excluding from the searches the local areas with abnormal 
temperature and increased concentration of the gaseous fraction, which occur 
because of geophysical non-uniformities of the ground along the pipeline route. 



The Formula of the Invention 

The way of detecting leaks of liquid hydrocarbons from the trunking pipelines, 
including the survey of the thermal field of the pipeline route; optical remote 
sensing of the subsurface layer of the atmosphere at the wavelengths 
corresponding to the absorption lines of the hydrocarbons gaseous fraction; 
locating the areas with abnormal temperature and maximum absorption in the 
subsurface atmospheric layer, which differs because of additional registration of 
the acoustic noise intensity in the subsurface ground layer along the pipeline 
route, and determining the value and direction of the temperature gradients, 
atmospheric absorption and acoustic noise in the neighborhood of the detected 
local areas, while the leak point is detected by locating the local area where the 
temperature anomaly, absorption in the subsurface atmospheric layer, and the 
acoustic noise intensity exceed the preset threshold values for each measured 
parameter, provided that the gradients of the measured parameters do not 
exceed the preset threshold values of the gradients along all the direction in the 
vicinity of the given local area. 




